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Abstract

Introduction: Early osteoarthritis and avascular necrosis (AVN) of the hip are major causes of
pain and disability in young and middle-aged adults, necessitating effective joint-preserving
strategies. Ozone-assisted arthrodiastasis offers both mechanical decompression of the hip
joint and biochemical benefits from medical ozone, which possesses anti- inflammatory,
analgesic, and antioxidant properties. This study evaluated the clinical, functional, and
radiological outcomes of this combined therapeutic approach.

Methods: A prospective observational study was conducted on 328 patients aged 18-65
years with early-stage AVN (Ficat—Arlet I-III) or early degenerative hip disease unresponsive
to conservative therapy. All patients received a 50 cc intra-articular injection of medical
ozone (20-40 pg/mL) under fluoroscopic guidance, followed by standardized physiotherapy
and follow-up at 1, 3, and 6 months. Pain (VAS), function (Harris Hip Score), and radiological
parameters were assessed at each visit. Femoral head survival and adverse events were also
analyzed.

Results: Baseline assessments showed significant pain (VAS 7.2 # 1.1) and impaired function
(HHS 54.3 £ 8.8). Pain reduced significantly at follow-up, with VAS scores decreasing to 4.3
at 1 month, 3.6 at 3 months, and 3.1 at 6 months (p < 0.001). Functional outcomes improved
markedly, with HHS increasing to 68.9 at 3 months and 74.2 at 6 months. Radiologically,
67.4% of patients showed no disease progression, 25.6% showed improvement, and only 2.7%
progressed to femoral head collapse. Femoral head survival was highest in Stage I (97.9%) and
Stage II (93.1%). Adverse events occurred in 25.3% but were mild and self-limiting, with no
major complications.

Conclusion: Ozone-assisted arthrodiastasis is a safe, minimally invasive, and effective hip-
preservation procedure that significantly reduces pain, improves function, and stabilizes
early-stage AVN and degenerative hip disease. The high femoral head survival rates show it
may delay or prevent the need for surgical intervention in early disease stages.
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NEPBbLIE B MUPE KIIMHWYECKUE ®YHKUMUOHAIJIbHbIE U
PEHTTEHOJIOTMYECKUE PE3YJIbTATbl APTPOOAUACTA3A C NIPAMEHEHUWEM
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BBenmenme: PaHHMIT ocTeoapTpo3 U acenTuueckuii HeKpo3 (AH) Ta3obegpeHHOro CycTaBa
SIBJITIOTCSI OCHOBHBIMM TPUUMHAMM OONM M MHBAIUAHOCTU Y MOJIOABIX U JIIO[Ieit CpemgHero
BO3pacTa, 4To TpedyeT 3¢G@EeKTMBHBIX CTpaTermii CoOXpaHeHMsI cycTaBa. ApTpoamacras C
NpuMeHeHMeM 030Ha obecrieuMBaeT Kak MeXaHUYeCKylo JeKOMIIPeCccuio Ta306epeHHOro
CycTaBa, TakK M OMOXMMMYECKME IPEMMYIIEeCTBA MEeOUIIMHCKOTO O030Ha, 00JaJaioIiero
MMPOTMUBOBOCIIAIUTE/IbHBIMY, AHAJbIeTUYECKMMM M AHTUOKCUAAHTHBIMU CBOWCTBaMU. B
5TOM MCCIeN0BaHMM OLIeHMBAIUCh KIMHMYECKIe, PYyHKIMOHAIbHbIE I PEHTTeHOJIOTUYECKMe
pe3yIbTaThl 3TOT0 KOMOMHMPOBAHHOTO TeParieBTMUECKOr0 MOIX0a.

MeTozpi: Bblio MpoBeneHO MPOCIEKTMBHOE 06cepBallMOHHOE MCCIeqOoBaHMe C y4acTueM
328 maimueHTOB B Bo3pacte 18—-65 jeT ¢ paHHel cTaauei acenTuyeckoro Hekposa (Puka-
Apne I-III) wim paHHel cTagueli OereHepaTMBHOIO 3a0o0jieBaHMSI Ta300eIpPEeHHOrO
CycTaBa, He TIOAJAMIIErocsl KOHCEepPBAaTUMBHOMY JedyeHMI0. Bcem marueHTam Oblia
MpoBeJleHa BHYTpUCYCTaBHass MHBEKIMS 50 M MeguiMHCKOro o3oHa (20-40 MKr/mut)
nop, GaopoCKONMYECKMM KOHTPOJIEM, MOCAe Yero MpOBOAMIACh CTaHAAPTU3MPOBaHHAS
dusmorepanus u HabmoaeHue yepes 1,3 1 6 MecsitieB. [Tpy KaskoM roceleH1 OleHMBaINCh
60s1b (BU3yaJbHO-aHAJIOrOBas mKaia), GyHKIMS (Kaja Xappuca AJis OLeHKU COCTOSTHUS
Ta300eJpEHHOTO CYCTaBa) M PEHTreHOJOTMUYeCKMe IMapamMeTpbl. Takke aHAIMU3UPOBAINCH
BbIKMBA€MOCTb 'OJIOBKYM OeIpeHHO KOCTU U HesKeJlaTe/TbHbIe SIBJIEHMS.

PesynbraThl: VicxomHble OleHKM MMOKasaiX 3HAUMTENbHYIO 00/b (BU3ya/bHO-aHAIOTOBas
mkana 7,2 * 1,1) u HapymeHue GyHKIUMM (IIKajga Xappuca Ajs1 OILeHKU COCTOSTHUS
Ta300eApeHHOro cycraBa 54,3 * 8,8). [Ipu nmocienywoieM HaOaIOgeHuM 00Ib 3HAYUTETbHO
YMeHbIIWIACh: 6QJIIbl IO BU3ya/IbHO-aHAIOTOBOM 1iKaie (BAI) cHusmauch 0o 4,3 yepes
1 mecs, no 3,6 yepes 3 mecsiua u 1o 3,1 yepes 6 mecsies (p < 0,001). ®yHKIMOHATbHbBIE
pe3yibTaThl 3aMEeTHO YIyJYlIWINCh: nokasaTenb HHS yBenuunicsa no 68,9 uepes 3 mecsia
u no 74,2 dyepe3 6 MecsineB. PeHTreHomormuecku y 67,4% mnanyeHTOB He HaOII0Ia/IoCh
nporpeccupoBanusi 3aboseBanus, y 25,6% oTmedasoch yaydllleHue, U TOJbKO Y 2,7%
pa3BMJICST KOJIJIATIC TOJIOBKYM OeJlpeHHO KOCTU. BbIKMBAeMOCTb TOJIOBKY GeqpeHHOI KOCTU
6b1a camoit Beicoko¥ Ha I cragum (97,9%) u II cragum (93,1%). HexxenaTenbHble SBIeHUS
Habmoganuch y 25,3% maiueHTOB, HO ObUIM JIETKMMM M CaMOOTPaHUYMBAIOIIMMMUCS, 6e3
CepPbe3HBIX OCJIOKHEHMIA.

3axkimoueHue: ApTpoamacras C MpUMeHeHMeM O30Ha — 3TO Oe3oracHas, MUHUMAaIbHO
MHBa3MBHAA U 3¢ deKTUBHAS Tpolieaypa COXpaHEHMsI Ta300eIpPeHHOI0 CycTaBa, KOTOopast
3HAUUTEIbHO YMeEHbINaeT 00jb, yaydmaeT (QYHKUMIO UM CTAaOUIM3UPYET acernTUUecKyio
HEKPOTU3UPYIOIIYI0 0O0Jle3Hb HAa pPAHHMX CTaAMSIX M JlereHepaTuBHOe 3aboseBaHMe
Ta300eIpEHHOT0  CycTaBa. BbICOKasi BbDKMBAEMOCTh TOJIOBKM OGeOpeHHOV KOCTU
CBUIETEJILCTBYET O TOM, UTO O30HOTEpaIusi MOXET OTCPOUMUTh WM IPeIOTBPATUTH
HeOOXOIMMOCTb XMPYPIMUECKOTO BMEIIaTeIbCTBA Ha pAHHMX CTaAIX 3a60/1eBaHMs.

KnioueBble cjioBa: ABacKy/ISIpHBIII HeKpo3; ApTpommuacra3d; TaszobempeHHbIN CYCTaB;
MenuumHcKuit 030H; OcTeoapTpo3; O30HOTEpanms
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INTRODUCTION

Hip joint disorders such as early osteoarthritis and avascular necrosis (AVN) are major
causes of pain and disability among young and middle-aged adults, making joint- preserving
strategies essential [1]. Arthrodiastasis has emerged as a minimally invasive technique
that reduces mechanical load on the femoral head, enhances subchondral circulation, and
promotes cartilage health [2]. Unlike hydrodilatation which primarily stretches the joint
capsule to improve mobility arthrodiastasis focuses on restoring joint biomechanics and
preventing disease progression by temporarily increasing joint space [3].

Medical ozone has recently attracted attention due to its anti-inflammatory, analgesic,
and antioxidant properties. When administered intra-articularly in high volumes, ozone
provides both biochemical benefits and mechanical joint distraction, creating a combined
therapeutic effect [4]. Although extensively studied in knee disorders, evidence for its role
in hip preservation remains limited. Therefore, this study aims to assess the clinical and
radiological outcomes of ozone-assisted arthrodiastasis in patients with hip joint pathology
[5].

METHODOLOGY

This prospective observational study was conducted in the Department of Orthopaedics
at SITA ORTHOPEDIC Hospital, Surat, over a defined study period. A total of 328 patients
presenting with hip pain due to early-stage avascular necrosis or late degenerative disease
were included based on predefined eligibility criteria. Patients aged between 18 and 65 years
with Ficat—Arlet StageIto III AVN, or early osteoarthritic changes unresponsive to at least three
months of conservative therapy, were considered eligible. Individuals with advanced disease,
active infection, previous hip surgeries, fractures, coagulopathies, or contraindications to
ozone therapy were excluded. Ethical approval was obtained from the institutional ethics
committee, and informed consent was secured from all participants prior to enrolment.

All patients underwent a baseline evaluation that included detailed clinical examination, pain
assessment using the Visual Analog Scale (VAS) [6] functional evaluation using the Harris
Hip Score (HHS) [7] and radiological imaging with X-rays and MRI when showed. Ozone was
prepared using a certified medical ozone generator, maintaining a therapeutic concentration
between 20 and 40 pg/mL. A total of 50 cc of freshly prepared ozone- oxygen mixture was
injected into the hip joint under fluoroscopic guidance. The patient was positioned supine
on a radiolucent fracture table, and strict aseptic precautions were observed. An 18-20 G
epidural needle was introduced via the anterior or anterolateral approach, and intra-articular
placement was confirmed before administering the ozone. The injection was delivered slowly
to achieve temporary joint distraction, capsular distraction, and mechanical unloading of the
femoral head. Patients were monitored for 30 minutes after the procedure, advised rest for
24 hours. Physiotherapy with gentle range-of-motion exercises was initiated from the second
day, with partial weight- bearing recommended for two to four weeks depending on disease
severity.

Patients were followed up at one, three, and six months, and annually thereafter when
possible. At each visit, VAS and HHS scores were recorded, and radiological assessments were
performed to evaluate joint space, femoral head morphology, and progression of collapse.
Primary outcomes included improvement in pain. The secondary outcome was survival
of the femoral head, defined as the absence of progression to collapse requiring surgical
intervention., functional recovery, and radiological stabilization. Data were analyzed using
appropriate statistical methods, with continuous variables expressed as mean * standard
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deviation and categorical variables compared using chi-square tests. A p-value of <0.05 was
considered statistically significant.

Case discussion:
40y/M patient came with bilateral Hip pain with Xray S/O Bilateral AVN HIP

LEFT SIDED HIP:

BEFORE AFTER
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Result:

TABLE 1. Baseline Demographic and Clinical Profile of Study Participants (n = 328)

Parameter Mean £ SD / n (%)
Age (years) 41.8+9.6
Gender (Male/Female) 226 (68.9%) / 102 (31.1%)
BMI (kg/m?) 25.7+3.4
Duration of symptoms (months) 6.8+3.1

Side of involvement (Right/Left/Bilateral)

164 (50.0%) / 142 (43.3%) / 22 (6.7%)

Diagnosis: AVN Stage I

94 (28.7%)

Diagnosis: AVN Stage II

131 (39.9%)

Diagnosis: AVN Stage III

76 (23.2%)

Early Osteoarthritis 27 (8.2%)
Baseline VAS Pain Score 72%1.1
Baseline Harris Hip Score (HHS) 54.3+8.8

The majority of patients were middle-aged males with Stage IT AVN being the most common
diagnosis. Baseline pain and functional scores showed significant disability prior to

intervention.

Table 2. Comparison of Pain Scores (VAS) Before and After Ozone Arthrodiastasis (n = 328)

Time Point Mean VAS + SD % Improvement from Baseline p-value
Baseline 72%1.1 - -
1 Month 4.3+1.0 40.3% <0.001
3 Months 3.6%1.1 50.0% <0.001
6 Months 3.1+1.0 56.9% <0.001

There was a highly significant and sustained reduction in pain after ozone injection, with
56.9% improvement at 6 month.

Table 3. Comparison of Functional Outcome (Harris Hip Score) Pre- and Post- Procedure

Time Point HHS Mean # SD Tmp rovem(?nt Over Interpretation
Baseline
Baseline 54.3+8.8 - Poor function
3 Months 68.9%£9.5 +14.6 Moderate improvement
6 Months 74.2£10.3 +19.9 Good function
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Functional scores improved significantly, showing restoration of mobility and reduction in
stiffness due to both joint decompression and ozone-mediated biological effects.

Table 4. Radiological Outcomes at 6 Months (MRI/X-ray)

Radiological Parameter n (%)
221 (67.4%)

84 (25.6%)

No progression of disease

Improvement or reduction in bone marrow edema

Mild progression without collapse 14 (4.3%)
Progression to femoral head collapse 9 (2.7%)
Required surgical intervention 7 (2.1%)

Over 90% of patients showed either stabilization or improvement, and only 2—-3% progressed
to collapse showing that ozone arthrodiastasis helps preserve the femoral head in early-stage
AVN.

Table 5. Femoral Head Survival Rates Across AVN Stages After Ozone Arthrodiastasis

AVN Stage | No. of Patients Femorzla\tl glrfgilssnu(r(\’//oi)val até6 Progressiczg/: )Collapse no| p- value
Stage I 94 92 (97.9%) 2(2.1%) <0.001
Stage II 131 122 (93.1%) 9 (6.9%) <0.001
Stage III 76 50 (65.8%) 26 (34.2%) 0.04

Survival was best in early stages (I & II). Stage III patients had modest benefit but still showed
greater preservation compared to natural course of disease.

Table 6. Adverse Events After Ozone Injection (n = 328)

Adverse Event n (%) Management
Post-procedure discomfort 47 (14.3%) NSAIDs avoided; improved with rest
Transient swelling 19 (5.8%) Resolved in 48 hours
Vasovagal reaction 6 (1.8%) Conservative
Needle-site soreness 11 (3.4%) Symptomatic care
Infection 0 (0%) -

Neurovascular injury 0 (0%) -
Total adverse events 83 (25.3%) No serious events

No major complication occurred. Ozone therapy was safe, minimally invasive, and well-
tolerated.
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Discussion:

Our study of 328 patients undergoing a single-session 50 cc intra-articular ozone
arthrodiastasis showed substantial clinical and radiological benefit: mean VAS fell from

7.2+ 1.1 at baseline to 3.1 # 1 at 6 months (a 56.9% reduction), mean HHS improved from 54.3
* 8.8 to 74.2 £ 10.3 at 6 months (+19.9 points), femoral head

survival at 6 months was 97.9% for Stage I, 93.1% for Stage II and 65.8% for Stage III disease,
radiological collapse occurred in only 9 patients (2.7%), and no serious complications were
observed (Tables 1-6). When these findings are compared with published preclinical and
clinical reports, several consistencies and important differences emerge that help interpret
our results and place them in context.

Preclinical work by Yilmaz et al. [8] (2025) supports the biological plausibility of our clinical
outcomes: in their rat AVN model systemic ozone reduced femoral head collapse from 55%
in untreated controls to 35% in ozone-treated animals, with increased neovascularization
and mesenchymal cell ratios. Although an animal model cannot be directly equated to
human outcomes, the direction of the effect improved structural preservation with ozone
is concordant with our high Stage I-II survival rates (97.9% and 93.1%, respectively) and
the low overall collapse rate (2.7%). The magnitude of benefit in animals (20 percentage-
point absolute reduction in collapse) is smaller than the apparent stage-specific survival we
observed in early human disease, which likely reflects differences in timing, route (systemic
vs intra-articular), and the controlled nature of the experimental model.

Clinical comparisons are necessarily more heterogeneous because of differences in patient
selection, stage distribution, adjunct procedures and dosing regimens. Iliakis et al. [9] (2015)
reported a case of marked clinical and MRI improvement after intra-articular ozone injections
with no reported side effects; their qualitative outcome mirrors our observation of meaningful
pain relief and functional recovery and a favorable safety profile.

When pain reductions are compared with ozone literature in other joints and pain studies,
our ~4.3-point absolute drop in VAS at 6 months is larger than the short-term reductions
reported in some musculoskeletal trials. For instance, Eldemrdash et al. [10] (2024) reported
a mean VAS difference of 1.27 in the early post-treatment period favoring ozone over steroid
for chronic musculoskeletal pain, and De Jesus et al. [11]

(2017) reported a 2.16-point greater VAS reduction with intra-articular ozone versus
placebo in knee osteoarthritis at eight weeks. These knee/soft-tissue data support ozone’s
analgesic effect but differ in magnitude and timing; our more pronounced and sustained
VAS improvement may reflect disease biology (intra-articular distraction + ozone), the higher
injected volume (50 cc) used for hip arthrodiastasis, longer follow- up (6 months), and the
focus on a structural disease (AVN) where mechanical off- loading can add durable benefit
beyond short-term anti-inflammatory effects.

Functional outcomes also compare reasonably with published hip-preserving therapies:
Qingtian Lietal.[12](2021) reported a postoperative HHS of 84.1 + 14.2 after autologous bone-
marrow-based grafting versus 72.8 = 24.1 in controls; our mean postoperative HHS of 77.8 +
9.1 sits between these figures and shows clinically meaningful improvement though slightly
lower than some regenerative-surgery cohorts. This difference likely reflects that bone-
marrow/graft procedures and core decompression directly modify subchondral architecture,
whereas our method is less invasive and relies on a combination of mechanical off-loading
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and ozone’s biochemical effects hence strong pain and function gains, particularly in early
stages, but more modest structural correction compared with grafting procedures in some
series.

Stage-stratified survivorship in our series shows a predictable pattern: best preservation in
Stage I (97.9%) and II (93.1%) with substantially lower survival in Stage III (65.8%). This
mirrors the general trend seen across hip-preserving literature where earlier stages respond
far better to conservative and minimally invasive measures. The animal data from Yilmaz et
al.[8] (collapse 35% with ozone) and clinical reports of high “good/excellent” rates when ozone
is combined with surgical decompression imply that earlier intervention and/or mechanical
decompression augment outcomes consistent with our finding that Stage III disease shows
limited benefit from a single injectable arthrodiastasis session.

Safety in our cohort was excellent, there was no infections, no neurovascular injuries, and
only mild transient complaints in 25.3% of patients, all managed conservatively.

This is concordant with the safety profile reported by Iliakis et al. [9] (2015), Yilmaz et al. [8]
(2025) in animals, and broader ozone literature (Sconza et al. [13], De Sire et al. [14]), which
typicallyreport only transient, self-limited adverse events after intra-articular administration.
The absence of serious complications supports the tolerability of high- volume intra-articular
ozone when performed under imaging guidance and strict asepsis.

Conclusion:

Ozone-assisted arthrodiastasis resulted in marked pain relief and meaningful improvement in
hip function over the follow-up period. Radiological assessments showed that most patients
experienced stabilization or improvement of their hip condition with minimal disease
progression. Outcomes were most favorable in early stages of avascular necrosis, where
femoral head preservation was consistently high. The procedure showed an excellent safety
profile, with only mild and temporary complaints and no serious complications. Overall,
ozone arthrodiastasis emerges as an effective and minimally invasive hip-preserving therapy,
especially valuable when applied in early disease stages.
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